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@ A method and apparatus for controlling the dis- 
charge time of a fluid activated diaphragm pump 
(10). The control system (100) regulates the dis- 
charge tinne, by measuring the discharge time and 
comparing the measured time with a predetermined 
desired discharge time. The control system (100) 
includes, inter alia, a programmable logic controller 
(120), an upper and lower proximity switch (154, 
156), a target (152), a rod (35) to hold the target 
(152), a pilot controlled pressure regulator (130), a 



set of digitally controlled solenoids (135) which con- 
trol a pilot valve (140), a solenoid (115), and a 
pressure switch (145). The rod (35) is secured to the 
diaphragm (30) of the diaphragm pump (10), and the 
proximity switches (154, 156) respond to the move- 
ment of the rod (35) to detect the movement, or 
stroke, of the diaphragm (30). The pressure supplied 
to the diaphragm pump (10) is automatically, and 
continuously, adjusted to maintain a desired dis- 
charge time. 
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Background of the Invention 

The present invention relates to a control sys- 
tem, and method of operating same, for controlling 
the application of pressure to a diaphragm pump. 
The system automatically, and continuously, ad- 
justs the pressure utilized in actuating the dia- 
phragm within the diaphragm pump so as to main- 
tain a constant flow of the fluid passing through the 
diaphragm pump. 

Conventional prior art industrial control sys- 
tems, that are currently utilized with diaphragm 
pumps, require that a pressure regulator be man- 
ually adjusted. Consequently, if the discharge con- 
ditions change, the pressure regulator must be 
changed by manual manipulations performed by a 
human operator. 

As can readily be appreciated, failure to prop- 
erly adjust the diaphragm pump results in ineffi- 
cient operation of the pump. For example, if the 
pressure regulator is set too low for the discharge 
conditions, incomplete pump strokes with a resul- 
tant low flow rate will occur. Conversely, if the 
pressure regulator setting is too high for the dis- 
charge conditions, the pump may be damaged. 
The Instant control system overcomes these defi- 
ciencies by automatically, and continuously, adjust- 
ing the pressure setting to produce proper operat- 
ing conditions and obviates the need for a human 
operation to monitor and manually adjust the pres- 
sure regulator. The control package, and the dia- 
phragm pump operated thereby, find particular ap- 
plication in filling a fixed volume in which the 
pressure increases as the volume is filled; an ex- 
emplary application would be found in a plate and 
frame filter press, although several other applica- 
tions are envisioned. 

U.S. Patent Nos. 4,705,462 and 5,076,890, both 
granted to Balembois and both assigned to the 
assignee of the present invention, are illustrative of 
known methods utilized to control the pumping 
action of a fluid actuated diaphragm pump. Balem- 
bois '462 utilizes a sensing structure which is im- 
plemented to control the functional parameters of 
the diaphragm pump. For example, such arrange- 
ment controls the initiation and duration of applied 
fluid pressure, the discharge time and the complete 
cycle time. Balembois '890 is an improvement over 
the earlier Balembois '462 patent. In addition to 
sensing the cycle time of the diaphragm pump, the 
apparatus measures the volumetric flow rate, and 
adjusts the cycle time to correct any deviations 
from a predetermined volumetric flow rate. 

The use of control systems in an artificial blood 
circulation assembly is disclosed by Bosio in U.S. 
Patent No. 4,212,589. The apparatus Includes a 
pump having a fluid driven tubular member. The 
fluid driving pressure is automatically regulated 



based upon the opening and closing of a timing 
switch. The timing switch is operated by a feeler 
which follows the deformation of the tubular mem- 
ber as fluid pressure acts on the tubular member. 
5 The feeler operates the switch to close the circuit 
of an optical signalling device when deformation of 
the tubular membrane reaches a predetermined 
value. 

U.S. Patent No. 4,966,528, to Henkel et al, 

10 discloses an apparatus for controlling the hydraulic 
circuit of a piston diaphragm pump. The apparatus 
includes a sensor for measuring the length of the 
stroke travel of the diaphragm and generating a 
corresponding stroke travel signal that is transmit- 

15 ted to a control means. The control means then 
compares the stroke travel signal with the predeter- 
mined stroke values. If the stroke travel signal 
deviates from the predetermined stroke values, the 
amount of hydraulic medium per time unit is ac- 

20 cordingly adjusted. 

U.S. Patent No. 4,856,969, to Forsythe et al, 
discloses a diaphragm pump having a timer for 
controlling the cycle time of the diaphragm pump 
and an adjustable pressure regulator. Additionally, 

25 Rupp (U.S. Patent No. 3,814,548) and Mandroian - 
(U.S. Patent No. 4,265,600) disclose diaphragm 
pumps having regulation assemblies. 

Brief Summary of the Invention 

30 

The method and apparatus of the instant inven- 
tion pertain to a control system that automatically, 
and continuously, regulates the fluid pressure ap- 
plied to a diaphragm pump to control the discharge 
35 time of the pump. The control system utilizes a 
programmable logic controller which acts to in- 
tegrate the complete control system. The cycle and 
discharge time of the diaphragm pump are the 
primary parameters which the programmable logic 
40 controller considers, while it regulates the control 
system. Spaced proximity switches measure the 
cycle and discharge times. These proximity switch- 
es are actuated by a proximity switch target that is 
attached to a rod mechanically fastened to the 
45 diaphragm. This information is inputted into the 
programmable logic controller, which then com- 
pares the actual discharge time with the desired 
discharge time. Depending upon the deviation from 
the desired discharge time, the programmable log- 
so ic controller automatically adjusts the pressure reg- 
ulator that supplies fluid pressure to the diaphragm. 
The control system continuously monitors the dia- 
phragm pump, such that the proper pressure is 
automatically supplied to the diaphragm to insure 
55 that the pump operates in the most efficient man- 
ner. 
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Brief Description of the Drawings 

FIG. 1 is a schematic representation of a con- 
trol system constructed in accordance with the 
principles of the present invention, such control 
system controlling the operation of a diaphragm 
pump. 

Detailed Description of the Invention 



FIG. 1 shows a schematic of the control sys- 
tem 100 utilized in combination with a diaphragm 
pump 10. The diaphragm pump includes a pump 
body 20 and a flexible diaphragm membrane 30 
dividing the pump body into a pumping chamber 
22 and a pump actuating chamber 24. The pump 
body 20 is constructed with an upper pump cover 
26 and a lower pump body 28. As a result, the 
pumping chamber 22 comprises the space be- 
tween the diaphragm membrane 30 and the inner 
wall 29 of the lower pump body 28, while the pump 
actuating chamber 24 comprises the space be- 
tween the diaphragm membrane 30 and the inner 
wall 27 of the upper pump cover 26. 

The pumping chamber 22 is in fluid commu- 
nication with a fluid transporting duct 40 having an 
inlet 42 and an outlet 44. An inlet check valve 46 
adjacent to the fluid ducts inlet 42 and an outlet 
check valve 48 adjacent to the fluid duct outlet 44 
control the fluid flow through the fluid duct and 
insure that the diaphragm pump functions properly. 

Application of air pressure into the pump ac- 
tuating chamber 24 actuates the diaphragm mem- 
brane 30. The application of the air pressure 
causes the diaphragm membrane 30 to pump the 
fluid medium passing through the fluid transporting 
duct 40. An air valve 110, which is opened by a 
solenoid 115 controls the flow of the air pressure. 
The solenoid 115 is in turn activated by electrical 
signals transmitted through electrical cable 116 
from the programmable logic controller 120. 

The air pressure is preferably supplied from an 
air filter 125. The air filter 125 passes the air 
through the pilot controlled pressure regulator 130 
to the air valve 110, and ultimately to the pump 
actuating chamber 24. It should be noted that the 
air pressure is transported from air filter 125 to the 
pilot controlled pressure regulator 130 by conduit 
162, the air pressure is transported from pressure 
regulator 130 to air valve 110 by conduit 164, and 
the air pressure is transported from the air valve 
110 to the pump actuating chamber 24 by conduit 
166. The programmable logic controller 120 con- 
trols the pressure of the air passing through the 
pilot controlled pressure regulator 130. If increased 
pressure is desired, the controller 120 sends a 
signal through electrical cable 141 to the digitally 
controlled solenoid 135 which opens the pilot valve 



140 to allow for the passage of air pressure from 
Input valve member 142 to output valve member 
143. This increases the pressure signal to the pilot 
controlled regulator 130 which increases the pres- 

5 sure supplied to pump activating chamber 24. In 
contrast, if a lower pressure level is desired, the 
controller 120 sends a signal through electrical 
cable 141a to the digitally controlled solenoid 135a 
which activates the pilot valve 140 to allow for the 

10 passage of air pressure from output valve member 
143 to atmosphere valve member 144. This de- 
creases the pressure signal to the pilot controlled 
regulator 130 which decreases the pressure sup- 
plied to pump activating chamber 24. If the signal 

75 sent by the programmable logic controller 120 will 
result in an unacceptably high pressure level, pres- 
sure switch 145 is activated to inhibit any further 
pressure increase by sending an appropriate signal 
through electrical cable 146. 

20 The programmable logic controller 120 deter- 

mines the necessity for increasing or decreasing 
the pressure applied to the pump actuating cham- 
ber 24 by measuring the discharge time of the 
diaphragm pump and comparing the measured 

25 time with a predetermined desired discharge time. 
A rod 35 is attached to the diaphragm membrane 
30 and extends through a central opening 36 in the 
pump cover 26, and therefore through the pump 
activating chamber 24. It should be noted that only 

30 a small portion of the rod is contained within the 
pump body and the majority of the rod is outwardly 
exposed from the pump body 20. The rod 35 is 
secured to the diaphragm membrane 30 such that 
as the diaphragm membrane 30 is actuated to 

35 pump the fluid medium through the fluid transport- 
ing duct 40 the rod 35 moves up and down with 
the movement of the diaphragm membrane 30. 

A proximity switch target 152 is secured to the 
exposed end of the rod 35. The proximity switch 

40 target 152 works in conjunction with an upper prox- 
imity switch 154 and a lower proximity switch 156 
to measure the discharge time of the diaphragm 
pump 10 and to send an appropriate signal to the 
programmable logic controller 120. The signal pro- 

45 duced by upper proximity switch 1 54 is transmitted 
to controller 120 by electrical cable 155, while the 
lower proximity switch sends its signal through 
electrical cable 157. In use, the upper proximity 
switch 154 indicates when the diaphragm member 

50 30 is in its up position and the lower proximity 
switch 156 indicates when the diaphragm mem- 
brane 30 is in its lower position. This information is 
sent to the programmable logic controller 120 
which then calculates the discharge time and 

55 sends the appropriate signals to the air valve sole- 
noid 115 and the pilot controlled pressure regulator 
130. It should be noted that although the proximity 
switches disclosed above are part of the preferred 
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embodiment, they could be replaced with pho- 
toelectric switches or any other appropriate sensing 
device. Additionally, the proximity switch target 152 
can be a piston of an air cylinder, a disk attached 
to the rod, or any other similar type device. 

Operation 

Before the pump 10 is placed into operation, 
the desired cycle time and discharge time are 
inputted into the programmable logic controller 
120. The cycle time is the time desired for a 
complete pump cycle and is monitored during 
pump operation by a cycle timer within the control- 
ler. The discharge time is the time it takes for the 
diaphragm membrane 30 to go from its starting 
(up) position to its desired finishing (down) position. 

The pump cycle consists of a discharge stroke 
and a fill cycle. The discharge stroke begins with 
the diaphragm membrane 30 in its up position 
against, or nearly against, the pump cover 26. At 
this point, the fluid medium to be pumped is lo- 
cated in the pumping chamber 22, and air at am- 
bient pressure is located in the pump activating 
chamber 24. The discharge stroke begins when the 
air valve 110 Is opened and air pressure is allowed 
to enter the pump activating chamber 24. The air 
pressure pushes the diaphragm membrane 30 
down, thereby expelling the fluid medium contain- 
ed in the pumping chamber 22 into the fluid trans- 
porting duct 40. Because the Inlet check valve 46 
will not allow the fluid medium to go through the 
inlet 42, the fluid medium is forced through the 
outlet check valve 48. Once the discharge stroke is 
completed, the air valve 110 is closed to allow the 
compressed air in the pump activating chamber 24 
to escape and the pressure is returned to atmo- 
sphere. It should be noted that the air valve 110 is 
a 3-way valve. It is normally closed In its unener- 
glzed state. In its open position, air is allowed to 
pass from conduit 164 to conduit 166. In its closed 
position, air is allowed to pass from conduit 166 to 
the atmosphere. The fill stroke of the diaphragm 
pump 10 begins with the diaphragm membrane 30 
returning to its starting (up) position. At this time, 
the movement of the diaphragm membrane 30 
draws the fluid medium through the inlet check 
valve 46 and into the pumping chamber 22. Once 
the diaphragm membrane 30 reaches its starting 
position against, or nearly against, the pump cover 
26, and the pumping chamber 22 is filled, the fill 
stroke is completed and the diaphragm pump 10 is 
ready to begin another cycle. However, the next 
discharge stroke will not begin until the cycle time 
of the programmable logic control 120 indicates 
that the predetermined cycle time has been 
reached. It should be noted that return of the 
diaphragm membrane 30 to Its up position can be 



assisted by either a compressed spring or an air 
cylinder. However, in some applications it is not 
necessary to provide any assistance. 

At the beginning of the pump cycle, the cycle 

6 timer starts, and the discharge begins, when the 
solenoid 115 is activated by the programmable 
logic controller 120 and the air valve 110 is 
opened. The cycle timer starts when the upper 
proximity switch 154 senses that the proximity 

10 switch target 152 is In its upper starting position. It 
should be noted that movement of the proximity 
switch target 152 is indicative off downward move- 
ment of the diaphragm membrane 30, because the 
target and the membrane are connected by the rod 

75 35. 

Opening of the air valve 110 allows the fluid 
pressure medium to enter the pump activating 
chamber 24 and produce the downward pumping 
stroke of the diaphragm membrane 30. The air 

20 valve 110 remains open until the diaphragm mem- 
brane 30 reaches its finishing (down) position. 
When the diaphragm membrane 30 reaches its 
finishing position, the proximity switch target 152 
actuates the lower proximity switch 156 and a 

25 signal is sent to the programmable logic controller 
120 to deactivate the solenoid 115 and close the 
air valve 110. If the diaphram 30 fails to reach its 
finishing (down) position after a fixed amount of 
time, the programmable controller 120 deactivates 

30 the solenoid 115 which closes the air valve 110. 

At this point, the programmable logic controller 
120 determines the time taken for the proximity 
switch target 152 to move between the upper prox- 
imity switch 154 and the lower proximity switch 

35 156. This time is the actual discharge time for the 
diaphragm pump 10 and the programmable logic 
controller 120 compares it with desired discharge 
time that has previously been inputted into the 
programmable logic controller 120. 

40 If the actual discharge time is greater than the 

desired discharge time, the pressure setting on the 
pilot controlled regulator 130 must be increased, 
and the programmable logic controller 120 sends a 
signal to the digitally controlled solenoid 135 to 

45 increase the pressure signal supplied to the pilot 
controlled regulator 130. In contrast, if the actual 
discharge time is less than the desired discharge 
time, the programmable logic controller 120 sends 
a signal to the digitally controlled solenoid 135a to 

50 decrease the pressure signal supplied to the pilot 
controlled regulator 130. 

After the air valve 110 is closed the fill stroke 
begins. Once the fill stroke is completed, the dia- 
phragm membrane 30 will stay in Its starting posi- 

55 tion until the cycle timer reaches the previously 
inputted desired cycle time. When the desired cy- 
cle time is reached, the pump cycle will repeat 
itself. 
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It should be noted that an external signal can 
be supplied to the controller to shut down the 
pump at any time. Additionally, the pressure switch 
145 can be used to shut down the pump if the 
pressure reaches too high a level. 

Claims 



3. A control system according to claim 1 , wherein 
the central control means stores a desired 
discharge time, such that when the discharge 
time for the pump exceeds the desired dis- 
5 charge time and central control means in- 

creases the pressure signal supplied to the 
pressure regulator. 



1. A control system for a fluid actuated dia- 
phragm pump comprising: io 

a diaphragm pump including a pump 
housing, a diaphragm dividing the housing into 
a pumping chamber and a pump actuating 
chamber; 

a fluid pressure supply source commu- 75 
nicating with said pump actuating chamber to 
introduce fluid pressure into the pump actuat- 
ing chamber to force the diaphragm from a 
starting position to a finishing position; 

a supply valve for controlling the introduc- 20 
tion of fluid pressure into the pump actuating 
chamber; 

a pressure regulator for limiting the fluid 
pressure; 

stroke sensing means for sensing move- 25 
ment of the diaphragm between a starting po- 
sition and a finishing position; 

central control means for coordinating the 
operation of said valve and said pressure regu- 
lator in response to signals received from said 30 
stroke sensing means, wherein the centra! con- 
trol means adjusts the pressure regulator in 
accordance with variations in the discharge 
time of the pump. 

35 

2. A control system according to claim 1 , wherein 
the stroke sensing means comprises: 

an actuating rod that extends from said 
diaphragm through an opening in the pump 
actuating chamber; 40 

a proximity target secured to said actuat- 
ing rod; 

an upper proximity switch in communica- 
tion with the central control means, wherein 
said upper proximity switch senses the proxim- 45 
ity target when the diaphragm is in its start 
position; 

a lower proximity switch in communication 
with the central control means, wherein said 

upper proximity switch senses the proximity 50 
target when the diaphragm is in its finishing 
position; 

wherein the discharge time for the pump is 
measured by said central control means when 
the proximity target moves from the upper 55 
proximity target to the lower proximity target. 



4. A control system according to claim 1 , wherein 
the central control means stores a desired 
discharge time, such that when the discharge 
time for the pump is less than the desired 
discharge time the central control means de- 
creases the pressure signal supplied to the 
pressure regulator. 

5. A control system according to claim 1 , wherein 
the central control means maintains a cycle 
timer which sets the duration of the cycle for 
the pump, such that at the beginning of the 
cycle of the pump the central control means 
opens the supply valve to permit fluid pressure 
to flow into the pump actuating chamber. 

6. A control system according to claim 2, wherein 
the supply valve is closed when the lower 
proximity switch senses the proximity target. 

7. A method for controlling a fluid actuated dia- 
phragm pump, having a pump cycle including 
a discharge stroke and a fill stroke, comprising 
the steps of: 

a) setting a desired discharge time and a 
starting fluid pressure for the diaphragm 
pump; 

b) beginning the discharge stroke of the 

diaphragm pump; 

c) measuring the duration of the actual dis- 
charge stroke; 

d) comparing the actual discharge stroke 
with the desired discharge stroke; and 

e) adjusting the fluid pressure so that a 
subsequent discharge stroke will have a du- 
ration equal to the desired discharge time. 

8. A method according to claim 7, further com- 
prising the steps of setting a desired cycle 
time, and repeating steps (a) through (e) for 
each cycle. 

9. A control system adapted for use with a fluid 
actuated pump including a diaphragm pump 
including a pump housing, a diaphragm divid- 
ing the housing into a pumping chamber and a 
pump actuating chamber wherein the control 
system comprises: 

a fluid pressure supply source adapted to 
introduce fluid pressure into the pump actuat- 
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Ing chamber to force the diaphragm from a 
starting position to a finishing position; 

a supply valve adapted to control the in- 
troduction of fluid pressure into the pump ac- 
tuating chamber; 6 

a pressure regulator for limiting the fluid 
pressure; 

stroke sensing means for sensing move- 
ment of the diaphragm between a starting po- 
sition and a finishing position; lo 

central control means for coordinating the 
operation of said valve and said pressure regu- 
lator in response to signals received from said 
stroke sensing means, wherein the central con- 
trol means adjusts the pressure regulator in 75 
accordance with variations in the discharge 
time of the pump. 

10. A control system for a fluid actuated dia- 
phragm pump substantially as herein de- 20 
scribed with reference to the accompanying 
drawing. 
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